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PARTICLF ACCELERATOR CONTROL AND DATA ACf)UISITIfIN
IN TNF CONTEXT OF VAX/VMS*

Stuart C. Schaller and Jamii K. Ccrley
LoE Alarnos National Laboratory

Los Alamos, New Mexico

ABSTRACT—.

The Los Alhmos Meson Physics Facillry (LAMPF) Control System

monitors and controlfi n linear accelerator through more thnn
10,OfIfI widely dispnrate I/~ devices. The heart of the

Control SyBtem Eoftwmre is the Datn System, which provides a

Ilni form applichtton proc,rnm interface based on eymholic

.Ievlce nnme~. in many ways the Ihta Sy~tem parallel~ the

VAX/VMS Record Mal]aRement Services (RMS) in i.a needs for

aflynchronou~ operattona , protectlnn, nnrl locks fur

m(lltiprocess Interactions. Since the accelerator control

harrlwnre iB continually chanp,lnq, it is import lnt thnt
prtvileRed code be kept to n minimum or be testable in a
non-privile,qed environment.

?hls pnper rtescr!he~ the LAMPt’ Data system rleslRn i,lcludinR
the use of v’AX/VMS user written ey~tem .srr*,lces (hntll kernel
~nd Hupervlsor mode), n uncr nur,p] ied imfixe rundown routine,

I hr \lAx/v Ms lock r,nnnger, nn,l n lrIrRC (~.~ Mhvte) protected

lt!Tl\[llJllCT1llN

\ll’1 11111(,1Irlll,

Iocn:(d nlonp. tllr nnt, kilnrnt-tt=r lenRtll hetwcrn the
injrrtrrrn nnd tht. honm HI,)I-IR. The 14CS I)n:a Syutem

provldrk nPpllcntion pr(~urnm~ (I.e. , tlloHll progrnm~
WIIIC II ncttlnl l:; drnl wltli thu phvslc~ nnrl opel .,t inn
Of thr nrcolcrntor) wIIII n tinlfnrrn Intrrfoce to chv
rrrvlr-rH Ltlll! rn!ltrljl nnd ,,cq~llrv (tll: ,1 frnm t!lF
ncrrlrrntt]r.

TIIIP p,lpor doncr{hrH tile I,CS Ilntn $Vntcm dr.t?lR!l nnrl
lmplvmrntnt Ion. I’ll,. flrHt h[llf Or the poper drnln
wiltl [II(. I, AMI’P Conl rI1l SvNl,. m COII ICX1 nnd rllr I)nrn
Svrntvm (lPslflll ufbn I n nod reqitlrvmcntm. ‘1’h(, flrrnnd

I}nlf drnlH with tllr Implcmrntntlon nf 11:0 lht~i

SyHt{,m, pnvll:p, Itnrt Ictli r ntlrnt 1o11 10 Illr IInr of
ll)t. VAX/ VM!; {Ipornl I!IX Mvulrm.

*W(II’L \lt. rl !ll’ml,l~ \lllll,*l Ih,n nthml,f(,rll Ilr 11!: lkl~nrtmrllf

,,1 l’,lll~r p,\,



Several years ago, a decision was made to replace

the SEL-84rl with d VAX-11/7R0. The older computer
was becorr,in~ rflfflcult to maintain and the control

system software difficult to modify. An lntere~ting

discussion of the problems of a prod(lction
environment contr~l computer upgrade may he found in
[1].

Current Sy9tem Conf!Ruration

The new VAX-haaerl MP? Control Sy6tem hardware

organization ia shown in Figure 1. Thi~ is the

rrrnfl.guratlon the LCS Data System mu~t handle. The
VAX-11/7811 - used an the central con[rrrl crrmp~lter -
fa at the hub of a star network. All application

pro,qram,q which communicate with the ncceleracor

opernLora run on this computer.

[,1m
RN-11

I

al%
1

mm ‘kl+!iE1
~!RUrC I - I.AMPF Cnnl ro] Svslem Contvxl

Thr R[ll-11 [H o Pl_)P-11/_l(I (,omp~i!cr [IH(,(I to rlunl-port
thL, RICK riymlem t () lIIc. VAX nnd LtIr SKI, ccrmp{iLrrH

Ii IlrfllR (IIC Iil)}!rlldl} ~r[)rl,~~. l-l){. RIII-I I 41CCOpLH

mrHsa~,, s r r(lm ll)e (scrnLr(]l comptltrr nn(! rrrtIH#Bs RICI;

rinla tokc H nrr[l commn~d H tr hc lHstl@rl tllrouRh IIIC RI(I
(RICE lntorfncr 111111), TI1o Rlll-11 nlnn rrrrlvcH

( Im!llp, M!p,llNIN 111)(! I!ntr lllf(~rmfltl(~l) from tllr l,AMPF

Mn~tor Timor (MT). Tilt, Hr HIP, IIIIIH nllnw III(. Rlll-1 I

to mnko [ I mud nnd (Intlined Ml(:l: dllln tnkv rr=q~lr.s[ H

wIII1 Hprrlflr tlmln~,. Rntv c(~t~flfillrlltl(~llrno

Tl\,. til;T-1 I [n n 1’1)1’-1 I /liI wIIlrlI IN ~IHp~~ L(1 il~ln l-l)(~rt

~11(~ r(, m(l[r 1’1)1’-1 IH dilrlnp. tl)o Ilpp, II II III. It llw!tct)l,N

m(IMHIIKr N hr(wr,vll 11111 rnn[r~)l cnmptlt er Nnd tho rrmot r

PDI’-I IN. Tllr rrm[)[r, l’1~1’-l IH r!~llfnl!l troflwnre WI IICII

rrl I(IWM 1110 rIb IIt rol VI) FIN II rr I ,) (Ilrr.rtly ntldrm, nn

{;AMA(’ dr.vlcru I II tl,r nHN~)rlnlrd CAMA(~ rrntvM. Ill

nll(l [ ! 1(111, tl)r rr.mt)l -v nlm(l rolll Mill ~or[wara, f(br

OX! rrmt, lv t lm4,-(lollrll(l(’111 drrt n rlrqlll!lll 1o11 !nnk,i

(rill[.1) n,, n,.{ltllrll~~ h,,nm Ilrt,fllr,fl).

N(II r, t lIJIt I lIV VAX tTt,IIt rol ct)mp~!t or ,!1>1,14 1,1>! 1!()

rv,l l-1 Imr (!111II nl,llill.llf fflll. II !1111v Hood 11 I !1

rt, u 1,(111!1 I 1) ~)l)rr,lf or rot~tll,nl v I 11 Ililmnll rr.npollnu

I Ima$v. Al I hmn!n-l,illnt,-rmli~lo(l, r,tlll-t lm~- l~r,),’d~MillM
ot,t.tlrn III I 111. l!lll_ll or III I Ilv rvmr)[ II I’1)1’-IIN

[Sf>lllll,l, I 011 I ,) I Ill. Nl;’1’-ll . Alrr(l II()!I- tllnt tllr+ VAX,

Illr 1(11!-11 )111(1I Ill. NIT-II n II. IIJ<. II IF(I I 11 c,l[)rtt,

pr,, rrlmllv. ‘1’11,. 1/1(;1; )Inr(lwrr r,, IIIIcI t II* rvn, (bl r. Pl)l’-l I u

nrv [I INI I’ll)ll lull I Ilr,)lip,ll,)lil 1111, 11(, (,. -lrl’ltl Ill’ .ll\(l

DATA SYSTEh 12F.SICN

r~als and =rement~:——— —. —

At the time t&3e VAX upgrade was started, the
intentfon was to rewrite the application so[cware
which existed on the SEI,-840 control computer, hut
not to modify ❑oftware on other co,nputerfi in the
control system. The 1.CS Data System was proposed to
help simplify this immense task. The primary ,gOhl
was to introduce the Data Sv8tem a9 nn interface
hetveen the VAX .qpplicnttona ,Ind 010-h8sed message
exchanRes between the control compt)ter and othe; LCS
data acquisition harclw~re,

We wanted the I)nta System to be n rohunt moftware
system that wns flexible and maint~inahle, nnd thnt
allowed a simple yet powerful application prnRram
Interfnce. To thts enci we wflnted the application
prour~mt+ to be as independent of tile h~rdwarv OR
pnssihle. In particular, we wished tn rrohihi~ the
use of harrlwnre ficldrefises hy Bppl lc~tior, proRrnms.

The hardware that #lready cxiqted (and the softw~re
in the cage of the rcmrrte comp8~terH) Cifctrlterl
req(lfrements for dcti+ll~d f)atn Sy6tom deEIRn. Sjnr(,

.qevrrnl dtffrr<nt hiirdunrc prnt~Jc(llH Were 111 uS(,,
thr Dntu !iystrm hncl to Interprr’, the applic}lrlon
progrnm r(.n,l rind comnnnd requ,, utu nnd prrrnrm tll(,

~ppr~prlllt(. Ilnr(lwrrrr nctinnfi. -l”hi 6 inrlllrtrd cnacs

uhcre H ~lngle req(luHL crrtlld rpst]lt In n n(imhrr of
hnrr!wnrc. ncttons, i.e., tn rfi)nhllglI set \rlllts! ()r

nvcroRr clntn. in additlrrlj, the lkr LN System hnd t~l
nllnw rii=fflult or (,xpllr!f ~rreclflrntton or II
ml}lt lt~lrio 01 reqtlcst parttimetrrw. Tllrne pnrnmvtt.rs
Inclllrled rlool Lnkt. tlm’ng, comm<lnbl pr[ll{, cLl on,
req(ir. Ht flvnrhrnn17. nt ion, nnd OPLfOnnl rollvf,r 6101)”
h(, ! weoo riiw 111111eI)Kt 111,I.r IIIS tIIIl LH.

SInct. IA!II’P IH n prodictlnn fncllltv t>perdtt I III! ~/,

ho\lrH II dnv, tllc Ilnfn Systcm 111111[() I>(* protrc[( .(1

II RIIIIIHL nrrld I,IIl III rn(ll f lent lrrn, 1111(1II lInd (() II IIV[l
n rlcll trrt of #ll,l,,lloutlr IOOIH f,lr tro\lhlt,s\lt)ot IIIK
nn[l dvvrloprnvlll . ‘W{, t Ill,rt,fnrr wnnt~.(1 rile nhl I II v I()

mnl)l tor 1)11I 11 Sv,41rm nrtlvllv 111111 111(, Ilhllllv 10
Nlmlll[llr nll I II ‘ivwlrm ,t4,V!CVN dtlrllli! rrppl 1(,,11 1o11
prn~rnrn (lt,\,(. In; )mrtlt . WI} wmII o(I I 11,. moll I I (,r IIIH an[l
❑imtllnt[nn rnflrrl,ll II II-H to hr nvnl Inhlo o!l ON
svNlrm-wi[ln, rl,,vl[,,.-Mj,,,lf it., n r prt\ti.,,~N-ul,t,( I f 1,

l)nt41H.

Ilnrfl,dnrr lll%lClBPl)(lt.l>t,IU.

T1 lml,\vm,*lll I 11(. tllllvt~lrllll Ilrll, 1)1 I)llt*llll 1)1

lenlp,llult)rN, w,, 11(,(,41(,(1 It 1111111 llllnl~ (10! 1(,1’1htlly, t Ill,
(I!-vlt.rn nll(l II 1),1( ,1 !;vrrl Fill illlt~lfrlll. (11 I!)wlllp,
nlllll I:nl 1o11 I,t[,urilmvl I ,) mnkl$ rritll 1111(1 1,1)111!!llll ),1
ri. (ltiunl u VIII u)IIo I.,ll ,11, 118stilp,11411tiIIn,



The I,CS “tlevice Tables” define the Data Sy.9tem
devices available to the application programs find
provide the m~ppinR from Operator deulgnatora to
hardw~re information. The, Device TRble~, maintained
hy n commerciq’ data haee management aystcm, provide
n central locfltion for all information about

accelerator devices. More informcguton corlcernt~~

the LCS Data System Device Tablea may be found in

[2].

Each operator designator has an a~~ociaterl Device

Table Enrry. A Device Table Entry contains two

kinds of information shout a device. The firs? kind

is device characteristic information including Lhe
doma!n (digital or analog), the dimensi,)n (acelnr or

vector), allcwahle requests, the equipment type, and
the hflrdwnre adrfreas. The equipment type

RICE

cnn be:
- for rlevice~ ia the RICE system; CAKAC - fnr

directly controllnhle CAMAC modules; Remote - for

rfevices defined hy sc’twfire in the remote

or P8rtdn - fnr devices defined hy snftwnre
\lAX cnnlrol rnmptltcr.

The second k{nd of Device T~hle Entry ir,

rlescrii>e!+ the rtPfHIIlt pnramrters to be usrd
or commnnrl rqurst~. If a prORrnrn requ2stq

011 n rfrvirc nnd ~pf.cifle~ nn nrfditlonnl pa

rh(, rend requpst wI] 1 ho de flnerl hy the

rontalnrd i 11 tile associlltt.rf Device Ta h

Defilult request lnformnt ion inc]udes: a de

tlmlng pnr[lmv LC-rL nllowin~ timinp, relnt

PDP-11.S;

t 1) tile

nrmat Inr.
for re~rf

n refld
,lmeter~ ,
rll=fL+ultR

e Entry.
ny Rnte;
ve to A

sprrlflc ed~r nf n ~peclftc Mastvr Timer RALe; nnrf

requ4rrd henrn F!:l~Ler Timer p,trto rntlfif<urntinns.

I)ATA SYSTI;M lMIII.I;MI;NTATION

WI, 1(~11I I 7.1~11 I 1111” w1, Ill, v(ll, tl hvvvrnl p,l(lh{ll (!l!t rl

\\ll NIull : Itll’ t 118. I)rvl(,l. Tnlllr (!I. VI[. P drll[rlpl It)llll,

f,ll )!,1,4!,,1 ‘I’1,11,.1 llt,ltv illf,~ll~,:t ,4)11, Iil)ll fllr ~l,)l,nl

llll{llm,ll 1o11 nlllllll 111o I)n, il !;vnlrm nil, ! 1111~ ntnlv III

(tbrl.olll 1111111 lt,ltl 1,)11 I$r(, urnm rvulllofll N. WI, ,Irt 1,1P(I I 11

11111,, $ I 111,111, ,1111It hmIVM 111 n MI IIV, IV VA X/\rM!i R1(IIIOI

MIS,. ! I fill, ‘Tllo Ihll n SVrllem ~l(lllnl Molt l! II ! n mnlljl.-tl

I 11 l~llttl III,IP,l {Im Illllllv. ! Ilr IInl n !~v~lrm. 17111,1

I,S14r,SIIta.~1 [t, Illlt)rmjll 1,111 ill I Ill. Rlt)l\J\l ural lot) nlv

l,jII)(ll(~,l IIY I III, l’AX/l’’4!; lln~(,]p, mrt.tllllllnm.

Originally we had planned [o acceas the Device Table
data base at run-tjme with a cor.merciel database
retrieval system. PrOLotype versions of the Data
System ahowed that this waa simply too S1OU and that
ro other data bade wanaRement aygtem waa likely to
be significantly faater. We decided to keep the
commercial system for maintaining the device tables,
and we wrote a program which reada the Device Tahle8
and hullds “he global section contatnlng the device
deacr:ptlona . Run-ttme acceaa to a gjven device is
provided vin an operatcr designator ha~ed haah
table .

For diaglloatlc purposes we wanted to 11.lve global
infocmatinn on the state of the Ilata System,
procesaee using the Data System, devices currently
or$en, and requeata in progreaa. Hence we aec asfde
R ?c.rtlon of the global section for dynamic
allocation Of blocks of qtoraRe describing open
d~vicefi, pending operation, and meaaaRe buffers.
The dynamic block allocation/de~llocation routines
are one of the few areaa of the Data System where it
is nec~uflary co ,go to kernel morfe in order to rniee
JPL to ASTDE1, for prever.tinR proccqa deletion. (JJ r
primary to:,l for ~ynchronizing acce~a to the cly,lamfc
portion of the glohol section is the VMS lack
manager.

?’0 prevent application proRrnms from inadvertently
mndlfylnR informntlnn tn tile global section, the
~ection in protected (user renJ/ailperv!aor Wlite)m
Nnte that we reqllire A mcrh~ninm to clenn {lp tile
RlolInl srctlon if nn appllcntion program tcrminntefi
nhnormnl Iv,

A,>plirntlon Pt[~&rnm/[)ntn Syntcm Intertlction.4- --- _____ ___ ------ ., _____ ____

FIRtlrt. ? HI1OWH IIow n typlcnl nppllcfttt[)n proRrnm
intvr:lct~ with 111<. Dn t n Sv~t~m, An spplirntlon

pr[)Rrnm tll:lt IINCrI LIIV l)rIL~, Svntr-m in linked with tho
1,(:s r~ln I Imr Ilhrnrv. Tl}r Ill I n Svntr.m glohnl
F1l.rt [(111 fe MN]JI)(.(1 1[1 rllv proqrnm’H vtrlual r4ddrVHH
flpncu WIII. IJ tll,! 1)11!11 $iyllt,,m tfl H~H[Rn~d. TIIt, l)n : n
SyHtrm rntl[ II1OH Illvn IIc,.vR!I dovlrr (ir Hcription H { 11
I hc p.l(lhnl H{,rl l,)!] nn(l rtlmmtlllltn[c wltl} vnrl,,ils I to

rfrlvrrH t(l ~rrvlcr Illr pr(JKrnm’H rv nd n 11[1 rommnlbd

‘-lx%i
AIII>I I rnl 1,111 llr#lurom ~,.11IIP, I IIV lhI n !;vnl rm



In some irrptancen of a Data SyBtem request there are
a series of operations thnt must be performed before
the request is completer, This reqiliremer,t ~oupled

with the desire to give the user anynchronoun

capabilty [,rompted our decision to make the P3ta

System routines AST driven. The completion of ench
QIO to the variouB 1/0 drivers is algnaled via an
AST. If it is requested, the Data System interface
will declare an AST for the application program.

U9er Written Svstem Se;vices———

Meet of the %ta System uoer written mys:em service~
are in auperviaor mo,ie fnr three malor re9sonR.

First, we wnncerl t,> protect ihe Data System gloh~l

section from accidental corruption. We were willing

to $rant read acce~s to nny procesn, but we necrled

to control write ac. c89. An elevated mode of acceas

seemed the most fenfiihle mechanism for the Datfl

System to !I.se to update tile glrrhal ~ectir,n.

Second, when the cnntrnl computer is controlltrr~ tile

beam, we cannot take the mpchlr.c for .9yRtem

devr:lopment ttme. We IIsed .9upervi60r mode a~ 01):

elevi.ted ar-ce~rr mt,de to minimize the impact of

developmen~ nnrl h{lR trackinR. I’he arlvantnRes nf

supervtsur mnrlr ere thnt an errreptirrn in this mode

won’t huRrheck the svHtcm nnd Is Irss likelv t 1)

rlamllgr’ V-MS.

Finn] Iv, therp are ln~tnnreu in the Datn SyHtem

requ[,9L proceflqjnu wl)r-n olr u~er rcqtlr9L Lrnnnlateu

irrtn Hevl~r;ll 1/0 rrpcrnt lonti. tie dld not wnrrt t !ll~

Dfltrl Svstr.m tn he hlrrrkrd hv n {l~er’s ASTH, or hv n

~ls[,r holn~ n( AST level. hIr tllercforr cho~c tn d[)

n!.!r 1/[) npcr~ltlons ill fl\lp,. rvt Hor mf.rlc qo thnt thr

Dntn Svslrm ASTH wo~lld hr dclivcrerl 1n :[lprrvl Hnr

mnrlu .

S[>mc ~lr ntir rry Htt, m ~vrvlvr~ r~ln In kerl~rl mrrrlr .

Tl]vet. lncl~)di, ( 111P nl incnt Inn nn[l rlvnl Iocnt Ii,ll

r[)lltlnt,~ for I 114, p,[ohnl nvrt Ion rivnnmlr rcRl(ln,

rcjtll !IIPR I (1 P(, ( n nd Ill\ !I,. t rlrlv[lr~efi, nnd tll P

rrrlltlnrn rlltvrcci v[n thr t1r4vr rundnwn vrct or.

ml I)nl ii Syr41 rm n 1 I (JWH I,of 1! H Imlltnt Inn nll[l ln~p.lnp,

( [> h{, cilnhlr,l []r (l[M~llll!,[! 1)11 nvHL [,m-wldr ,

l)rocrHH-~l)vclf Ir , m)tl (lo\ 1(, r- H,Ircl (Ic Illlrlurl . Wllrll
l(lp,fllll~IR Onnhlvd, lnfl~rmrrl I(I4I roncrrnlltR nrlrctt,d

[~ntn Svntrm nvt Illlln IH Pvllt I(1 II rrykt vm-ul dII 1)111:1

!ivntrm 111~ mill 111(1X, Tllc Dnrrr Svutcm Iof,, prclrrHk

FIOVPM Ill,> lop, r+ll!rl,,~ 0,1 n dlNk flln WIIICI1 11111 11P

llllrrr(>~nlvt! rlthrr OH-llnr or Orr- Ii no.

vAX/VMS EXPERIF.NCF.

In many waya our implementation psrallels the
vAx/vrls Record Management Services (RMSj, ,;ilce our

requirement.9 are .9L,milar.

We require device inrfepcndence, and a~ynchronoll~

OperatiOnB . We al~o need multi-plocess

synchronization and protection aR.9inst accidental
interference with 1/0 sequences and ur.authorized 1/0
ope..tfons. Ir, the case 01 IWS, synchronization an+

protection maintain the intep,erity of tt,e file

ayBtem. In our came they prsvent acc:dentpl device

movement , which could cause beam spil”. or device
damaRe.

The f13ta System run9 in elevated mo(lz to proccct

dflta .str~lcttlrea. The user rundown capnht!tcles OF

VMS 81~OU Lhe Datn Sy-tem to Cnmp]etf. or c,,n~c]
pe.<<llR 1/0 at imaRe rundown. I1i addition, the l)~ta
System use.q the VAX/VUS lock mnnager to r(, rrrdln.7te

acce86e-, Lo queue9.

Our operntlon 9tructurr FISO paro’lels RMS. TllrJ

Data system link8Re is set up Wit}l on SS~ip,n. EJlcll

device must he rpened. Anv ~erie~ of rPfl\lests

be

,Illlv

!ssuud, in tl.c form of reeds, and cnmmards.
The~e req~le~!~ are trtinslaterl hy tile lhtn Sysicm

lntrr one or mr.re nct!rrns to h,? pe(formerl hy tl]r

appropriate driver or pr[>CCHH. Nntificntlon of

lompletinrr comeH to tile Ihtn Systcm rrrutlrrrs VI, I

ASTU , and [6 pnu.srrl un tn tllo t,,ser pr<,p,rnm. A’

i mrrb:e ruudrrwn, nll crrnnertlllns nre clenncd IIp vln

r II,, lM Ln 5vKtcm r,lrrrlnwn rout I UP.

WV n“ftl~nvd n Tlllmllrf- of I,>v,lttbl HYmh~)lv II I Nv!ll l~nl

11.v!$l , mI(l wr!!( r, II [,,~mnrnlltl I,r,)[.,,tltlrr I Iln! n,:k!.,1 I II,.

d(.VlIl#~pVIr n tltlmht.1 Or ltlo Nl IIIIIM 111(,111,111!}( , If!, mi),lu,

rll~lt Illp, , ~l(lhll’ Ml,!,! :011, NI1{l U~II ~~r dln},,ll{)fll 1, I (),)1,1

t (1 111, 11H4*(I . ‘1’llo (Ia,vc.l,)llmvllt MVM(om 111111 11,1 llWII

I tllrnrv, wll I rll Ill ,1 I-,IIV of Il}r. rtll}l Imc I ;Ilrflrv

r,)tl! 1114,N w!l II I III, 1111(111!4)!’( I)f II s rllllvr4.r VI, (, I !)1

Ho,! i,lll, ‘1’llt~ I l’1lll ,111,! V4,(, I 1)1. for I III, 11111II !;V1!I 1.111

llN Hi fill I,lllt !114S ( I,dlllll\ll! 1,11 \l, $ IIlp, l(,ll Mvmll!ll ,1 1111(1

F!1114, H I Ill, RI IJ})ll I Hifll 1,)11 Il,lm(, 111181 m,{l. ( I

1)11{,rnt 1011. Wll,.lll, vvl 111,!)!114$1 ill l\ll lr~y,!,(l 1.,, !1{Ill,, I ,1

Crrllrd, I Ill. I 1-11111114,1 V,. (.t 01- f (11 I 11111 Y[l\lt lllv~ (ill, (k!l

{ I rl ,,n I I mo(li~ . ‘rlll!l m#,l.111111111111I\dl!l 1,1<Iva$tl lllvnllllllll!~
I II (.,),11, <!t,v,,l,>lml,,lll , nlllltlllp,ll I ll,~t,. ,11.1, (,91!, ,1,,



timing prohlem9 that are masked or created by

running in user mode.

llsin R FORTRAN as our ma Inr lal,g~age has been a
problem because it is not AST re-entrant. In some

case~ we were forced to write

MACR9. In other cases it was

ASTS for a short period of time.

CONCLIISIONS

We have hecn able to take dat~

smal 1 routines in
feasible to disable

and control RICE

devices throu~h the new Data System. Application

prr)~rams have been written for the VAX. The Data
System interface exists in the LCS run time library
and maps to the 3.5 Mbyte Data System Rlobal

flection,

we feel we have achieved our design goals of

flexibility acrl harrlw~re independence, We have much

left to implement in the wry of new deviceR and
exp[inrled sim(llntion and diagnostic cnpabilitieB, but
n(lr experience I:idicates that Lhese extensions will

fit in well with otlr design.

‘i%e VAX/\FMS oper:ltinR system ha~ provided a flexible

environment in whlrh to work at e. high levci with
l:~otectlon nnd ~ynchonization mechanisms. Tn

porrlc(linr, runnin~ in ~~lpervisor mo(ir ha~ afforded
the pro-~ctlon we needed W!thrl(lt Interferinfi too

drnsricnllv Witl) V?fS oper,~tinn. ml e AST driven

rotlt Inf, etr\lcL\lre hns proven o wseful nnd flexible

mrcllanisrn f(, r .Ile over-nil flnw of control of the

1)11! 11 Systl,m, WIII Iv t 11[, svnilnh[li(qt of o user

wrl [(CII Tll,l <low,, IIIIS proved vnlllnble in clcaninp, 11P

Lll(. JIppl lcdtIf)!)prot:rnm’~ rt, qtlvst t+. 11s(. Of n l.irgt

global eection for the ntceaOary data bases hao
speeded up the process ei~nif~cantly. The ability
t.0 debug new privileged code in a user mode
environment has proved invaluable in adding new Data
System capabilities.
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